cancer cells use aerobic glycolysis to sustain their proliferation. long non-coding rna brain cytoplasmic rna 1 (BcYrn1) has been reported to act as an oncogene in non-small-cell lung cancer (nSclc). The present study investigated the role of BcYrn1 in nSclc glycolysis. BcYrn1 expression was detected in nSclc cells and tissues using reverse transcription-quantitative Pcr. The effect of BcYrn1 on aerobic glycolysis was examined by measuring nSclc cell glucose catabolism and lactate synthesis. The relationships between BcYrn1 and microrna (mir)-149, and between mir-149 and pyruvate kinase M1/2 (PKM2) were measured using a dual-luciferase reporter assay. cell proliferation and invasion were analyzed by the cell counting kit-8 assay and the Matrigel invasion assay, respectively. High BcYrn1 expression was observed in nSclc tissues and cells compared with the corresponding controls. BcYrn1 induced glycolysis and upregulated the expression levels of PKM2 in nSclc cells. in addition, BcYrn1 regulated mir-149 expression levels, and mir-149 inhibitor rescued the effects of si-BcYrn1 on glucose consumption and lactate production. miR-149 knockdown significantly enhanced the expression of PKM2. Furthermore, PKM2 inhibition significantly reversed the effects of mir-149 inhibitor on glucose catabolism and lactate synthesis. Furthermore, PKM2 was involved in nSclc cell proliferation and invasion, and BcYrn1 knockdown and mir-149 overexpression inhibited both processes. The present study suggested that BcYrn1 was involved in cell glycolysis, proliferation and invasion during nSclc via regulating mir-149 and PKM2.
Introduction
lung cancer has become the most common malignant tumor worldwide, contributing to the highest mortality and morbidity rate compared with all cancer types (1) . non-small-cell lung cancer (nSclc) accounts for >80% of all lung cancer cases (1) . Patients with nSclc typically have a poor prognosis, which is primarily due to distant metastasis and local recurrence (2) . Several patients with nSclc are diagnosed at the late stages with local infiltration and distant metastases; at which point, surgery is not an effective treatment option. Therefore, identifying novel targets to aid with the early diagnosis of nSclc is required for improving the efficacy of clinical treatment.
The Warburg effect is a phenomenon that cancer cells rely on to sustain their proliferation by increasing the uptake of glucose and the production of lactate. This phenomenon is a unique energy metabolism present in cancer cells (3) . increasing evidence suggests that enzymes involved in this process might be potential targets for cancer therapy (4) . Pyruvate kinase (PK) is a key rate-limiting enzyme involved in tumor glycolysis, which catalyzes the conversion of phosphoenolpyruvic acid and adP into pyruvate acid and aTP (5) . In humans, four isoforms of PK have been identified, including red blood cell PK, liver-type PK, and PK muscle isozyme M1 and M2 (PKM1 and PKM2, respectively) (6) . PKM2 has been reported to be upregulated in tumor cells and cancer stem cells, playing a role in glycolysis and tumor malignancy (7) . Furthermore, a number of previous studies have indicated that glycolysis is closely related to cell proliferation and metastasis in nSclc (8) (9) (10) (11) .
long non-coding rna (lncrna) brain cytoplasmic rna 1 (BcYrn1) is associated with the progress of numerous diseases (12) . in patients with alzheimer's disease, neurons display high levels of BcYrn1 expression, which regulates cell viability and apoptosis by targeting β-site amyloid precursor protein-cleaving enzyme 1 (13) . BcYrn1 also acts as either an oncogene or a tumor suppressor in numerous types of human cancer, including cervical, colorectal, breast and ovarian cancer, as well as esophageal squamous cell carcinoma (14) . during nSclc, BcYrn1 enhances cell migration and invasion by upregulating matrix metalloproteinases (12) .
BcYrn1 has also been identified as an oncogene in nSclc (12) ; however, the mechanisms of action of BCYRN1 are not completely understood.
The aim of the present study was to investigate the role of BcYrn1 in nSclc glycolysis. BcYrn1 was highly expressed in nSclc tissues and cells compared with the corresponding controls. The function of BcYrn1 on the Warburg effect in nSclc cell lines was examined. Mechanistically, the results suggested that BcYrn1 induced cell glycolysis and tumor progression via the microrna (mirna/mir)-149/PKM2 signaling pathway.
Materials and methods
Clinical samples. Written informed consent was obtained from patients with NSCLC (male patients, 12 males; female patients, 8; mean age, 37.6 years; age range, 25-48 years) admitted to The Fourth Affiliated Hospital of Harbin Medical university (Harbin, china) between March 2017 and december 2018. Subsequently, 20 primary nSclc and paired normal tissues were collected, snap-frozen and stored at -80˚C. The matched 'normal tissue' was obtained from a 5 cm distance from the tumor margin, which were confirmed by a pathologist to not contain tumor cells. The inclusion criteria were as follows: i) Patients diagnosed with lung adenocarcinoma or lung squamous carcinoma by histopathological examination; ii) tumors identified as TNM stage I or IIIa; and iii) patients were subjected to radical operation, and had not received systemic chemotherapy or radiotherapy prior to surgery (15) . Patients with autoimmune disease or incomplete case data were excluded. The present study was approved by the clinical Research Ethics Committee of The Fourth Affiliated Hospital of Harbin Medical university.
Cell lines and transfection. Human nSclc cell lines (a549, H460 and H1299) and the normal human bronchial epithelial cell line 16HBe were obtained from the american Type Culture Collection and were cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO 2 .
mir-149 mimic, pre-negative control (nc), mir-149 inhibitor, nc, small interfering (si)rna targeting BcYrn1 (si-BcYrn1) or targeting PKM2 (si-PKM2), and si-nc were synthesized by Guangzhou riboBio co., ltd. The corresponding sequences were as follows: mir-149 mimic, 5'-ucu GGC UCC GUG UCU UCA CUC CC-3'; pre-NC, 5'-UUC UCC GAA CGU GUC ACG U-3'; miR-149 inhibitor, 5'-GGG AGU GAA GAC ACG GAG CCA GA-3'; NC, 5'-CAG UAC UUU UGU GUA GUA CAA-3'; si-BCYRN1, 5'-CUC CAG AAA AAG GAA AAA AAA AA-3'; si-PKM2, 5'-GGA AAG AAC AUC AAG AUU AUC-3'; si-NC, 5'-UUC UCC GAA CGU GUC acG u-3'. Plasmid pcdna-BcYrn1 or pcdna-PKM2 were constructed by Shanghai GenePharma co., ltd. for the overexpression of BcYrn1 or PKM2 in cells. a459 or H1299 cells (2x10 5 ) were transfected with 50 nM plasmid or 50 nM rnas using lipofectamine ® 3000 (Invitrogen; Thermo Fisher Scientific, inc.), according to the manufacturer's protocol. After a 48-h incubation at 37˚C, cells were harvested for subsequent experiments. an empty plasmid was used as the negative control.
Cell Counting kit-8 (CCK-8) assay. Transfected a549 cells (1x10 4 cells/well) were seeded in 96-well plates. after a 48-h culture, CCK-8 solution (Dojindo Molecular Technologies, inc.) (10 µl) was added into each well and incubated for 4 h at 37˚C. The absorbance was measured at a wavelength of 450 nm by a microplate reader to analyze cell proliferation. The cell survival rate=[(aexperiment group-ablank)/(acontrol group-ablank)] x100%
Matrigel invasion assay. Transfected a549 cells (2.5x10 3 cells/well) in serum-free dMeM were seeded into the upper chamber of Transwell inserts pre-coated with Matrigel. dMeM supplemented with 10% FBS was plated in the lower chamber. After incubation for 24 h at 37˚C, the invasive cells were stained with 0.3% crystal violet at room temperature for 20 min. Subsequently, the number of invading cells in the lower chamber were counted using an inverted fluorescence microscope IX71 (magnification, x100).
Reverse transcription-quantitative PCR (RT-qPCR).
Total rna was extracted from the cells or tissues using Trizol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. After quantification using a spectrophotometer, total rna was reverse transcribed into cdna using the PrimeScript rT reagent kit (Takara Bio, inc.), according to the manufacturer's protocol. The conditions for RT were as follows: 70˚C for 3 min, 42˚C for 60 min and 70˚C for 15 min. Subsequently, qPcr was performed using the SYBr Green kit (Takara Bio, inc.) on an aBi 7900 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The primer pairs that were used for qPcr are presented in Table i . The following thermocycling conditions were used for qPcr: Initial denaturation at 95˚C for 30 sec, followed by 40 cycles at 95˚C for 5 sec and at 60˚C for 45 sec. relative expression levels were quantified using the 2 -ΔΔcq method (16) and GaPdH or u6 was used as the internal reference gene for mrna and mirna, respectively.
Western blotting. Total protein was extracted from a549 and H1299 cells using the IP cell lysis buffer (Pierce; Thermo Fisher Scientific, inc.). Bicinchoninic acid protein assay kit (Takara Biotechnology co., ltd.) was used to quantify protein concentration. Proteins (30 µg/lane) were separated by SdS-PaGe on 10% gels. Subsequently, the separated proteins were transferred to PVdF membranes (eMd Millipore) and blocked in 5% milk at 37˚C for 2 h. The membranes were incubated overnight at 4˚C with the primary antibodies targeted against: PKM2 (1:1,000; cat. no. ab137852; Abcam) and β-actin (1:2,000; cat. no. ab8227; Abcam). Following the primary antibody incubation, the membranes were incubated with a horseradish peroxidase conjugated secondary antibody (1:2,000; cat. no. ab7090; Abcam) for 2 h at room temperature. Protein bands were visualized using the enhanced chemiluminescence reagent (eMd Millipore).
Glucose consumption and lactate production assay. Following transfection, the culture media and the cells were collected separately. A Glucose assay kit (Sigma-Aldrich; cat. no. GAHK20; Merck KGaA) was used to measure the glucose levels in the culture media according to the manufacturer's protocol. lactate levels in the culture media were determined using a Lactic Acid assay kit (Biovision, Inc.; cat. no. K606-100), according to the manufacturer's protocol.
Dual-luciferase reporter assay. The potential mirnas that bind to BcYrn1 were predicted using diana (diana.imis. athena-innovation.gr/dianaTools/index.php) and the potential binding site between mir-149 and PKM2 was predicted using Microrna (http://www.microrna.org/microrna/home.do). To investigate the interaction between BcYrn1 and mir-149, and between mir-149 and PKM2, the wild-type (WT) or mutant (MuT) BcYrn1 sequences and 3'-untranslated regions (3'-uTrs) of wild-type (WT) or mutant (MuT) PKM2, were synthesized by Guangzhou riboBio co., ltd. H1299 cells (2x10 5 ) were co-transfected with the firefly luciferase reporter plasmid pmirGlo (Promega corporation) and 50 nM mir-149 mimic or pre-nc using lipofectamine ® 3000 (Invitrogen; Thermo Fisher Scientific, inc.) according to the manufacturer's protocol. after a 48-h incubation at room temperature, the luciferase activity was detected using a dual-luciferase reporter assay system (Promega corporation), according to the manufacturer's protocol. Firefly luciferase activity was normalized to Renilla luciferase activity.
Statistical analysis. Statistical analyses were performed using SPSS software (version 23; IBM Corp.). Data are presented as the mean ± Sd from three replicates. a paired Student's t-test was used to assess statistical differences for the BcYrn1 express level between tumor and adjacent healthy tissues. an unpaired Student's t-test or one-way anoVa followed by Tukey's post hoc test was used to assess statistical differences between two groups or multiple groups, respectively. P<0.05 was considered to indicate a statistically significant difference.
Results
BCYRN1 induces glycolysis and increases the expression levels of PKM2 in NSCLC cells. The expression of BcYrn1 in nSclc tissues was detected by rT-qPcr and the results suggested that BCYRN1 expression was significantly higher in tumor tissues compared with adjacent normal tissues (Fig. 1A) . additionally, BcYrn1 was significantly upregulated in a number of nSclc cell lines, including a549, H460 and H1299 cells, compared with 16HBe cells (Fig. 1B) . The expression of BCYRN1 was significantly reduced by 57% in A549 cells and increased by 3.85-fold in H1299 cells following transfection with si-BcYrn1 or pcdna-BcYrn1, respectively, compared with the corresponding control (Fig. 1c) . Glucose consumption and lactate production assays were performed to examine the effects of BcYrn1 on glycolysis. BcYrn1 knockdown significantly decreased glucose consumption by 60% and lactate production by 49% in a549 cells, and BcYrn1 overexpression significantly increased glucose consumption and lactate production in H1299 cells, compared with the corresponding controls ( Fig. 1d and e ). The mrna and protein expression levels of PKM2 were downregulated in a549 cells following BcYrn1 knockdown, and conversely, BcYrn1 overexpression upregulated the expression levels of PKM2 in H1299 cells, compared with the corresponding controls ( Fig. 1F and G) .
BCYRN1 regulates miR-149 expression levels during glycolysis.
To investigate the mechanism underlying the role of BcYrn1 during glycolysis, the potential mirnas that bind to BcYrn1 were predicted using diana (diana.imis. athena-innovation.gr/dianaTools/index.php). In silico results suggested that the sequence of BcYrn1 contained a possible miR-149 binding site ( Fig. 2A) . The miR-149 mimic significantly enhanced the expression levels of mir-149 in a549 cells by 4.53-fold, whereas the expression levels of mir-149 were significantly reduced by 41% in A549 cells transfected with mir-149 inhibitor, compared with the corresponding controls ( Fig. 2B ). in addition, the mir-149 mimic inhibited the luciferase activity of the BcYrn1-WT luciferase plasmid, but had no effect on the luciferase activity of the BcYrn1-MuT luciferase plasmid in a549 cells (Fig. 2c ). rT-qPcr was performed to assess the effect of BcYrn1 on mir-149 expression. The results suggested that mir-149 expression levels were significantly increased by 3.44-fold in A549 cells transfected with si-BcYrn1 compared with cells transfected with si-nc ( Fig. 2d) . additionally, mir-149 expression levels were significantly downregulated in a549 cells following BcYrn1 overexpression compared with cells transfected with the empty pcdna vector (Fig. 2d) . The results of the glucose consumption and lactate production assays suggested that the mir-149 inhibitor rescued si-BcYrn1-induced inhibition of glucose consumption and lactate production, compared with the si-BcYrn1 ( Fig. 2e and F) .
miR-149 regulates the expression of PKM2. The potential mechanism underlying the effects of BcYrn1 and mir-149 in a549 cells was further investigated. mir-149 was predicted to target the 3'-uTr of PKM2 (Fig. 3a) . notably, mir-149 overexpression significantly inhibited the luciferase activity of the PKM2-WT plasmid, but had no effect on the luciferase activity of the PKM2-MuT plasmid (Fig. 3a) . mir-149 knockdown significantly upregulated the expression levels of PKM2 and rescued the decreased expression levels of PKM2 induced by si-BcYrn1 (Fig. 3B and c) . To further explore the role of PKM2 in BcYrn1/mir-149 function, si-PKM2 was used to inhibit the expression of PKM2 and pcdna-PKM2 was used to overexpress PKM2 in a549 cells (Fig. 3d ). PKM2 knockdown significantly reversed the effects of the miR-149 inhibitor on glucose consumption and lactate production ( Fig. 3e and F) .
PKM2 is associated with the function of BCYRN1 in A549 cells. The effects of the BcYrn1/mir-149/PKM2 regulatory pathway on nSclc cell proliferation and invasion were investigated using the ccK-8 and invasion assays. cell proliferation and invasion were inhibited by BcYrn1 knockdown and enhanced by the mir-149 inhibitor in a549 cells (Fig. 4a and B) . notably, the mir-149 inhibitor rescued the si-BcYrn1-induced inhibition of cell proliferation and invasion. Furthermore, PKM2 overexpression induced a 2.17-and 1.96-fold increase in proliferation and invasion in a549 cells compared with nc group, respectively. in addition, PKM2 overexpression reversed the mir-149 mimic-induced inhibition of cell proliferation and invasion ( Fig. 4c and d) . 
Discussion
aerobic glycolysis, as one of the 'hallmarks of cancer', converts glucose into pyruvate, which is then further oxidized into lactate (17) . The resulting lactate contributes to destruction of the extracellular matrix and provides a metastatic advantage for cancer cells, leading to rapid proliferation and resistance to apoptosis (18) . aerobic glycolysis during cancer has attracted increasing attention in recent years, as it has been suggested that targeting glycolysis might be a promising treatment for cancer (19) (20) (21) . emerging data suggests that glycolysis could be regulated by certain lncrnas in cancer. For example, li et al (22) reported that urothelial cancer-associated 1 was involved in the proliferation and glycolysis of bladder cancer cells via the induction of hexokinase 2 (HK2) expression. c-Myc-activated lncrna macrophage migration inhibitory factor inhibited aerobic glycolysis and tumorigenesis in cancer cells by downregulating c-Myc and upregulating F-box and Wd repeat domain containing 7 expression (23) . Furthermore, Pvt1 oncogene has been reported to promote osteosarcoma cell glucose metabolism, cell proliferation and motility via the mir-497/HK2 signaling pathway (24) .
in the present study, increased glucose consumption and lactate production was observed in nSclc cells overexpressing BcYrn1. additionally, higher expression levels of BcYrn1 were observed in nSclc tissues and cell lines compared with normal control tissues and cell lines. consistent with these results, Hu and lu (12) also reported that BcYrn1 acted as an oncogene in nSclc as evidenced by the high cell proliferation and metastasis induced by BcYrn1. BcYrn1 has been reported to function as an oncogene in colorectal and cervical cancer, as well as in gastric carcinoma (25) (26) (27) . Mechanistically, BcYrn1 may regulate gene expression by targeting mirnas. For example, BcYrn1 targeted mir-138 or mir-150 to alter the proliferation and metastasis of cervical cancer cells or airway smooth muscle cells, respectively (25, 28) .
To further investigate the molecular mechanisms underlying the effects of BcYrn1 on nSclc, bioinformatics analysis was performed to identify the potential targets of BcYrn1 and suggested that mir-149 might be a target of BcYrn1. The results of the luciferase activity assay further suggested that BcYrn1 interacted with mir-149 and regulated the expression of mir-149 in nSclc cells. in addition, the mir-149 inhibitor rescued the si-BcYrn1-induced effects on glucose consumption, lactate production and cell proliferation and invasion. mir-149 has been identified as a tumor suppressor in several types of cancer, including gastric cancer, and renal cell and colonic carcinoma (29) (30) (31) . Zhao et al (32) reported that mir-149 decreased human nSclc growth and metastasis by inhibiting the forkhead box M1/cyclin d1/matrix metallopeptidase 2 axis. Furthermore, in cervical cancer cells, mir-149 regulated proliferation and apoptosis via regulating GiT arfGaP1 (33) .
The coding gene downstream of the BcYrn1/mir-149 axis was further investigated in nSclc cells. Finally, PKM2 was identified as a potential target of mir-149 and was upregulated by the mir-149 inhibitor. PKM2, as the critical isoenzyme of PK, serves a role in maintaining the metabolic program of cancer cells (34) . inhibition of PKM2 expression was previously reported to decrease glucose consumption and lactate production (35) , and elevated expression of PKM2 has been reported in colon and lung cancer (36, 37) . Previous studies have suggested that PKM2 contributes to cancer metabolism by promoting hypoxia-inducible factor-1 expression or coordinating with c-Myc (38, 39) . in the present study, PKM2 knockdown significantly reversed the miR-149 inhibitor-induced effects on glucose consumption and lactate production. PKM2 overexpression also reversed the mir-149 mimic-induced reduction of cell proliferation and invasion.
collectively, the present study suggested that BcYrn1 participated in glycolysis during nSclc via regulating the mir-149/PKM2 axis, and accelerating cell proliferation and invasion. The results suggested that the BcYrn1/mir-149/PKM2 signaling pathway was related to regulation of the Warburg effect and therefore might be a potential therapeutic target for nSclc.
